Summary. Collagen gels containing isolated primary follicles devoid of other ovarian tissue were transferred beneath the kidney capsule of 3 types of female recipients: cycling, ovariectomized and hypogonadal, known to have different circulating concentrations of gonadotrophins. After 10 days the gels were recovered and processed for histology or the oocytes were recovered and their diameters measured and their ability to resume meiosis was determined. The growth of isolated primary follicles was positively correlated with the concentrations of circulating gonadotrophins in the recipient mice, but the numbers of oocytes recovered, the rate of oocyte growth and resumption of meiosis did not differ in the 3 types of recipient studied. This indicates that, in the conditions provided, oocyte growth was not related to the extent of follicular development.
Introduction
During folliculogenesis in vivo, the oocyte and follicle undergo concurrent growth until the oocyte attains a final diameter of 70-80 µ and is surrounded by 4-8 layers of granulosa cells. Under hormonal control the follicle then continues to increase in size as a result of the development of a large fluid-filled cavity and further granulosa cell proliferation.
The ovaries of juvenile 10-day-old mice contain a relatively homogeneous population of primary follicles (stage 3b-4; Pederson & Peters, 1968) . Oocytes within the follicles are arrested in the dictyate stage of prophase of the first meiotic division and are not capable of resuming meiosis without further growth and development. Granulosa cells are essential for providing nutrients to the oocyte during its growth phase (Heller et ai, 1981; Brower & Schultz, 1982; Herlands & Schultz, 1984) and oocytes denuded of their granulosa cells show little, if any, growth in vitro (Eppig, 1979) . Oocyte growth and acquisition of meiotic competence was significantly improved when dibutyryl cyclic adenosine monophosphate (dbcAMP) was included in the culture medium (Carroll et ai, 1991) . One possible mechanism of action is a dbcAMP-induced increase in granulosa cell proliferation.
The importance of follicular development to oocyte growth has not been quantitatively studied, although a number of qualitative studies suggest that oocyte growth may occur despite a disrupted follicular environment. Oocyte growth to a diameter of 30-50 µ has been reported in the semin¬ iferous tubules of sex-reversed mice (McLaren, 1980) . In cultures of oocytes on ovarian cell monolayers, oocyte growth has been observed (Blandau & Odor, 1972; Eppig, 1977; Bachvarova et ai, 1980; Buehr & McLaren, 1985) . Based on histological (Eshkol et ai, 1970) and ultrastructural studies (Hardy et ai, 1974) , oocyte growth was reported to occur after follicular development was disrupted using gonadotrophin antisera. In other studies, oocytes have been shown to grow in mice after hypophysectomy (Smith & Tenney, 1979) and in mice homozygous for the hypogonadal mutation (Halpin et ai, 1986) . In organ culture of juvenile mouse ovaries, in the presence or ab¬ sence of gonadotrophins, oocyte growth was observed despite differences in follicular development (Baker & Neal, 1973; Eppig, 1977) . Thus, it is clear that oocyte growth may occur in an abnormal follicular environment, but a control study investigating the effects of follicular development on oocyte growth is lacking. In addition, the above-mentioned studies were carried out in the presence of other ovarian tissue. In our previous study (Carroll et 
Results

Oocyte development
More oocytes were recovered from collagen gels cultivated under the kidney capsules of cycling animals (18-6/gel) than from the ovariectomized (15-5/gel) or hypogonadal (13-8/gel) groups, but the differences were not significant (P > 0-1; Table 1 Table 2 ). Similar proportions of oocytes in the 3 treatment groups under¬ went germinal vesicle breakdown (P > 0-2; Table 2 ). There was a small decrease in the number of oocytes in the hypogonadal group which completed meiotic maturation and extruded the first polar body, but this was not significant (P > 0-2; Table 2 ).
There was no significant difference in the mean oocyte diameter after development in the 3 conditions: cycling 64-4 ± 0-41 µ , ovariectomized 64-7 ± 0-4 µ , hypogonadal 65-3 ± 0-9 µ ( > 0-7; Table 3 ). There was a significant increase in oocyte diameter between Day 0 and Day 10 in all treatment groups (P < 00001; Table 3 ).
Follicular development
After development of primary follicles in ovariectomized recipients, the area of the follicle was nearly double that of follicles grown in cycling mice (P < 0001) and three times larger than follicles grown in hypogonadal mice (P < 0-0001; Fig. 1 ). Follicles grown in all treatment groups increased in size significantly during the culture period (P < 0-00001; Table 3 ).
There was considerable variation within treatments and it was possible to observe follicles with 3 granulosa cell layers in the ovariectomized group and follicles with > 6 layers in the hypogonadal group, albeit at low frequencies (¿ and ¿, respectively). Antrum formation was observed in 2 of 27 follicles in the ovariectomized group (Fig. 2) , but no antra were observed in follicles grown in cycling or hypogonadal mice. Although efforts were made to exclude other ovarian tissue (stroma-theca) from the gels, some follicles appeared to have elongated cells, similar in appearance to thecal cells, associated with the outer layer of (or part of) granulosa cells; but none of the follicles exhibited clearly defined thecal layers. Several follicles contained degenerate oocytes and in these follicles it was common to find a large proportion of pyknotic nuclei (Fig. 3) . Some follicular masses had coalesced and contained more than one oocyte (Fig. 4) . Despite the immunological incompatibility, there was no evidence of rejection when follicles from Fj hybrid mice were transplanted to the strain carrying the hpg mutation.
Discussion
In this study we investigated whether follicular development and the growth of the oocyte are interdependent processes. The results show that isolated primary follicles grown in different hormonal environments, in the absence of other ovarian tissue, show significant differences in follicular development, but the ability of the oocytes to grow and resume meiosis is not affected. Previous qualitative reports of oocyte growth in the presence of a disrupted follicular environment suggested that oocyte growth does not depend on a normal follicular environment (Eshkol et ai, 1970; Blandau & Odor, 1972; Baker & Neal, 1973; Eppig, 1977; McLaren, 1980) , but a controlled study relating oocyte growth and follicular development has not previously been reported. The quantitative results of the present study confirm these early studies and demonstrate that other ovarian tissue is not required for oocyte growth.
Granulosa cells are coupled to the oocyte via gap junctions (Anderson & Albertini, 1976) and are thought to transfer to the oocyte >85% of its metabolites (Heller et ai, 1981) . The amount of metabolite passed to the oocyte increases linearly with oocyte surface area and with the number of granulosa cells attached to the oocyte (Brower & Schultz, 1982) . Further, the stimulation of granu¬ losa cell mitosis by dbcAMP is associated with an increase in oocyte growth (Carroll et ai, 1991 (Eppig, 1979) , the dependence upon them solely for the provision of nutrients to the oocyte has yet to be established. Other regulatory functions that are mediated by the granulosa cells, e.g. protein synthesis and phosphorylation (Colonna et ai, 1989) , may be important in the regulation of oocyte growth and metabolism; (iii) the increased oocyte growth observed after culture in the presence of dbcAMP (Carroll et ai, 1991) may be due to effects on granulosa cell function, rather than proliferation.
The extent of follicular development was correlated with the concentrations of gonadotrophins in the recipient mice. The ability of gonadotrophins to stimulate the proliferation of granulosa cells in primary follicles has been shown previously in vivo (Ryle, 1972; Chiras & Greenwald, 1978) and more recently in vitro (Roy & Greenwald, 1989; Qvist et ai, 1990 ), but in all these studies other ovarian tissue was present. In contrast to our present findings, Ben-Or (1970) (Qvist et ai, 1990 ) and in vivo (Telfer et ai, 1990 ). This suggests an important support role for certain components of extrafollicular ovarian tissue in the final stages of follicular development. Nevertheless, ovarian cells other than granulosa cells do not appear to be essential for oocyte development, since oocytes grown in their absence (Carroll et ai, 1990) have the ability to develop to live young.
The reason for the loss of 60-70% of the follicles during the 10-day incubation is unknown. About 50% of the follicles are lost during a similar period when cultured in collagen gels in vitro (Carroll et ai, in press) and similar numbers of follicles were lost during 6 days of culture in vitro followed by 10 days beneath the kidney capsule of ovariectomized mice (Carroll et ai, 1990) . It has been suggested that the high concentrations of gonadotrophins present in ovariectomized mice and/or the cultivation in vitro may have contributed to follicular degeneration in these conditions (Carroll et ai, 1990) . The results of the present study discount these possibilities and suggest that many of the follicles were undergoing atresia before collection from the ovaries or were damaged irreversibly during isolation.
The meiotic competence of oocytes was not affected by the hormonal environment during the growth phase. There is a direct correlation between oocyte growth and the ability to resume meiosis in vitro (Sorenson & Wassarman, 1976 ) and the present observations are in agreement with these findings. Fewer oocytes collected from hypophysectomized (Smith & Tenney, 1979) or hypogonadal mice (Schroeder & Eppig, 1989) resumed meiosis spontaneously in vitro, but this effect was small and could normally be reversed by administration of gonadotrophins and/or oestrogens prior to oocyte recovery. The present study, in which oocytes were exposed to normal concentrations of gonadotrophins until isolation from 10-day-old mice, supports these observations and confirms that the hormonal environment during the latter half of oocyte growth has no significant effect on the ability of oocytes to resume meiosis in vitro.
